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(57) L'invention concerne un precede de preparation 
d'un composite de fibres naturelles et de materiau 
thermoplastique, ainsi que les produits obtenus avec ce 
proc6de. Le proc^de consiste a melanger les fibres 
naturelles et un materiau thermoplastique dans un 
melangeur avec un adjuvant de porosite et un agent 
interfacial pour former un melange; a introduire le 
melange dans une extrudeuse chauffee; a comprimer le 
melange avec une vis d 'extrudeuse ay ant une pluralite de 
sections de vis, au moins une des sections de vis servant 
de section de compression pour comprimer le melange, 
en ayant des pas plus rapproches que les autres sections 



(57) The invention describes a process for the preparation 
of a natural fiber and thermoplastic composite and the 
resulting products therefrom. The process includes the 
steps of mixing th e natural fiber a nd th e thermoplastic i n 
a blender with a porosity aid and an interfacial agen t to 
form a mixture; adding the mixture to a heated extruder , 
compressing the mixture with an extruder screw having 
a plurality of flight sections, at least one of the flight 
sections serving as a compression flight section which 
compresses the mixture by having its flight spaced closer 
together than other adjacent flight sections, and at least 
one other vent flight section which allows gaseous 
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de vis adjacentes et au moins line autre section de vis de 
ddgazage qui pennet d'evacuer les produits de reaction 
gazeux de I'extrudeuse par un event, cette section ay ant 
des pas plus espaces que la section de compression et se 
trouvant en aval de la section de compression; a extruder 
le melange par une filiere d'extrusion sous forme de 
composite; et a former le composite dans un dispositif de 
calibrage sous vide pour lui conferer le profil desire. 
Pour certaines applications (fen&res, portes et 
revetements), le procede comprend, en outre, une etape 
consist ant a co-extruder un second materiau 
thermoplastique sur le composite fibres 
naturelles/composite thermoplastique. 



reaction products to be removed from the extruder 
through a vent in the extruder by having its flight spaced 
farther apart than the compression section, the vent flight 
section being positioned after the compression flight 
section; extruding the mixture through an extrusion die 
as a composite; and shaping the composite in a vacuum 
calibration device to a desired profile. The process 
further includes the step of co-extruding a second 
thermoplastic onto the natural fiber/thermoplastic 
composite for some applications (e.g., windows, doors 
and siding). 
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Abstract of the Disclosure 
The invention describes a process for the preparation of a natural fiber and thermoplastic 
composite and the resulting products therefrom. Tho process includos the steps of mixing the 
natural fiber and the thermoplastic in a blender with a porosity aid and an inter&cial agent to form 
a mixture; adding the mixture to a heated extruder, compressing the mixture with an extruder 
screw having a plurality of flight sections, at least one of the flight sections serving as a 
compression flight section which compresses the mixture by having its flights spaced closer 
together than other Adjacent flight sections, and at least one other vent flight section which allows 
gaseous reaction products to bo removed from the extrudor through a vent in the extruder by 
having its flights spaced farther apart than tho compression section, (ho vent flight section being 
positioned after the compression flight section; extruding the mixture through an extrusion die as 
a composite; and shaping the composite in a vacuum calibration device to a desired profile. The 
process further includes the step of co^cxlruding a second thermoplastic onto the natural 
fiber/thermoplastic composite for some applications (eg., windows, doors and siding). 



What h Qidmed is: 

1 . A process for the preparation of a porous natural ccllulosic wood fiber and thermoplastic 
composite comprising: 

mixing the natural cclluloslc wood fiber and tho thermoplastic with 

from 0.01 to S% hy weight of a porosity aid which is selected from tho group 
consisting of a paraflln and a hydrocarbon wax blend having a melting 
point of 93 °C or lower, and 
from 0.01% to 2% by wcirfrt of an interatrial agent to aid in forming a 
homogeneous distribution of the natural cellulose-containing fiber in the 
thermoplastic, said interfacial agent being fanctionalLzcd to the extent 
wherein at least one part of the interfceial agent can form a chemical or a 
physical bond to at least a portion of a cellulose component of the natural 
cellulose-containing fiber while at least one other portion of the interfacial 
agent aids in the compatibilization with the thermoplastic, thereby forming 
a mixture; 

exttuding the mixture through an extrusion die of an extruder as the composite; and 
shaping tho composite to a doslred profile. 

2. The process of claim 1 wherein the step of mixing occurs in a high intensity mixer at a 

temperature of about 82-1 16°C. 

3. The process of claim 1 wherein a temperature profile of the extruder is from 165-218°C 

before the vent, from 138-199°C after the vent, from 149-218 ft C adjacent to the die, from 
I77-218°C at the die and a screw oil is from 165-218 9 C. 

4. The process of claim 1 wherein a mixture level within a feed opening to the extruder is at a 

IcycI which covers the screws. 

5. The process of claim 1 wherein tho thermoplastic is selected from the group consisting of 

polyvinyl chloride, polyolcfms, polystyrenes, polyacrylics and polyester s, 

6. The process of claim 5 wherein the thermoplastic is polyvinyl chloride. 

7. The process of claim 1 wherein the interftcial agent is a polymeric surftctant. 

8. The process of claim 7 wherein the at least one interfacial agent linking atom within the at 

least one interfacial agent linking group is oxygen. 

9. The process of claim 8 wherein the at least one interfacial agent linking group is oxygen 

contained within a functional group in the polymeric surfactant, said Amotion group 
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selected from the croup consisting of carboxylic acids, esters, ethers^ acrylatcs, acid 
anhydrides, amides and alcohols. 

10. The process of claim 9 wherein the interfadal agent is selected from the group consisting of 

oxidized polyolefin, poly(ethytonc-co-aciylicadd), poly(clhylenc-co-methaCTyllc acid), 
poly(cthylenc-co-methyl acrylato-co-actylic acid), poly(methyl i»cthacrylato-co- 
racthacryllc acid), poly(tcrt-butyl acrylatc-co-ethyl acrylate-co-mcthacrylic acid), 
poiy(styrcnc-co-aIIyl alcohol), polyvinyl alcohol-cn-ethylcne), carboxylated polyvinyl 
chloride), poly(vinyl chloride-co-vinyl acctate-co-maldc anhydride, polyactyJamide, 
poly(aciytamidc-co-aciyiic acid), poly(methyl mcthacrylate), poly(ethyl methacrylatc), 
poIy(ethylene-co-ethyl acrylate), poly(butyl acrylate), poly(ethylone-co-cthyl aciylate^co- 
malcic anhydride), polystyrcnc-b-polyacxylic acid, polystyrcne-b-polymethacrylic acid, 
polystyrcnc-b-poiyvinyl alcohol polystyrene-b-polyoxyethylene, hydroxyl fhnctionalizcd 
polybutadiene, poly( vinyl chloride-co-vinyi acetate), poly(vinyl chloride-co-vinyl acetate- 
co-2-hydroxypropyi acrylate), poly(vinyl chloride-co-vinyl acelatc-co-maldc add). 

11. The process of claim 7 wherdn tlie at least one interfadal agent linking atom within the at 

least one interfadal agent linking group is nitrogen. 

12. The process of daim 1 1 wherein the al least one ktorfacia! agent linking group is nitrogen 

contained within a functional group in the polymcrio surfactant, said function group 
selected from the group consisting of amines and nltriles. 

13. The process of daim 12 wherein the interfadal agent is selected from the group consisting of 

polyacrylonilrile and poly(acrylonitrile-co-butadiene). 

1 4. The process of daim I wherein the extrusion die is a dual extrusion die and a second 

thermoplastic is coextruded onto the composite. 

15. The process of daim 14 wherein the second thermoplastic is selected from the group 

consisting of polyvinyl chloride, polyolcfins, polystyrenes, polyacrylics and polyesters. 

16. The process of claim 15 wherdn the thermoplastic is polyvinyl chlorido. 

17. The process of daim 1 wherein the shear rate is from 220-500 sec 1 . 

18. A composite article comprising: 

a first zone, said first zono being comprised of a first polymer, and 
a second zone, said second zone being comprised of 

a second polymer, 

a natural cdhilosc-containing fiber, 
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from 0.01 to 5% by weight of a porosity agent to control the porosity of said second 
zone having an outer surface, said outer surface being porous lo hold and retain 
wood rtain or paint, said porosity aid being selected from the group consisting of a 
paraffin or hydrocarbon wax blend having a melting point of 93 °C or lower; and 

from 0.01 to 2% by weight of an intcrftcial agent lo aid in forming a homogeneous 
distribution of the natural cellulose-containing fiber in the second polymer, said 
mterfatial agunt being ftmctionalized to the extent wherein at least one part of the 
interfkeial agent can form a chemical or a physical bond to at least a portion of a 
cellulose component of the natural cellulose-containing fiber wliile at least one 
other portion of the intcrfacial agent aids in the compatibilization with the second 
polymer; and 

said first and second zones being integral and being co extruded together. 

19. Tho article of claim 18 wherein 

said second zone comprises 

from 90-45% by weight inclusive of said second polymer and 
from 10-55% by weight Inclusive o f said natural cellulose-containing fiber, 

the composite of the second zone having a porosity of between 5-40% inclusive. 

20. Tho composite of claim 1 8 wherein the interfacial agent is a polymeric surfactant. 

21. The composite of claim 20 wherein the at least one interfacial agent Jinking atom within the at 

least ono intcrfacial agent linking group is oxygen. 

22. The composite of claim 21 wherein the at least one intcrfacial agent linking group is oxygen 

contained within a functional group in the polymeric surfactant, said function group 
selected from the group consisting of caiboxylic adds, esters, ethers, acrylatcs, acid 
anhydrides, amides and alcohols. 

23. Tho composite of claim 22 wherein the intcrfacial agent is selected from the group consisting 

of oxidized polyolefln, poly(ethylenc-co-acrylic acid), poty(cthylcne-co-methacrylic acid), 
po!y(ethylenc-co-methyl acrylato-co-acrylic acid), poly(mcthyl mctbacrylatc-co- 
mcthacrylic acid). poiy(tcrt-bulyl acrylate-co-ethyl acrylate-co-methacrylic acid), 
poly(styrene-co-ftllyi alcohol), polyvinyl alcohol-co-ethylene), carboxylated poly(vinyl 
chloride), polyvinyl cliloridc-co-vinyl acetate-co-maleic anhydride, polyacrylamide, 
poly(acrylaniide-co-aciylic acid), po!y(methyl methawylate), poly(ethyl methaciylate), 
poly(clhylcnc-co-cthyl acrylate), poly(butyl acrylate), poly(ethylene-co-ethyl acrylate-co- jgrlAg 
malcic anhydride), poiystyreue-b-polyacrylic acid, polystyreno-b-polymethacryUc acid, 
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polystyrc^b-polyvinyl alcohol, polystyren^olyuxyethylcnc, hydroxy! functional 
polybutadicnc, polyfvinyl cWoride^vlnyl acetate), polyvinyl chloride-vinyl acetate 
co-2-hydroxypropyl acryUte), poty(vinyl cUoride-co-vinyl acctate-co-maleic acid). 

24. The composite of claim 20 therein the at least one Inlcrfacial agent linking atom within the at 

least one interfacial agent linking group is nitrogen. 

25. The composite of claim 24 wherein the at least one interfacial agent linking group is nitrogen 

contained within a functional group in the polymeric surfactant, said function group 
selected from the group consisting of amines and nitriles. 

26. The composite of claim 25 wherein the interfacial agent is selected from the group consisting 

of polyacrylonitrile and poly(acrylonllrile-co-butadienc). 

27. The composite of claim 1 8 wherein the first and second polymers arc independently selected 

from the group consisting of polyolcfins. polystyrenes. polyacrylics, polyvinyl chloride and 
polyesters. 

28. The composite of claim 27 wherein the first and second polymers are different 

29. Tho composite oFdaini 27 wherein the first and second polymers are the same. 

30. The composite of claim 29 wherein tho first and second polymers aro polyvinyl chloride. 

31. tu„ r rft* nf claim 30 wherei n the natural cdlulosc ^ntaining fiber is wood flour. 
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Intcrfacial Blending Agent for Natural Fiber Composites 

Technical Field 

Tho invcnlion described herein pertains generally to a process to make a slainable and 
payable composite comprising a first plastic and an essentially homogeneous blend of a second 
plastic and natural fibers, particularly suitable for use as door and window components as well as 
»diug applications. 

Background of the Invention 
In tho art of window and door components and trim, such components have historically 
been made of 1 00% natural wood. Residential windows are commonly manufactured from milled 
wood products that are assembled with glass to form double hung or casemwit units. Wood 
windows, while structurally sound, useful and well adapted for uso in many residential 
installations, can deteriorate under certain circumstances. Wood windows require painting and 
Other periodic maintenance. Wood windows are costly due to the increasing scarcity of suitable 
wood for construction, particularly clear wood products. As an alternative to wood, metal 
components aro often combined with glass and fabricated into windows. Metal windows 
however, typically suffer from substantial energy loss during winter months. 

In recent years, extruded thermoplastic materials have been used in window and door 
manufacture. . Filled and unfilled thermoplastics have been extruded into components to form 
plastic windows and into seals, trim, weatherstripping, coatings, and other window construction 
components. Thermoplastic materials such as polyvinyl chloride (PVC) have been combined with 
wood members in manufacturing some windows for certain performance and cost advantages. 
The plastic is often colored with a coloring agent to give a wood-like appearance or to match the 
colors of the surrounding area. Although the colored plastic may appear somewhat wood-like, it 
caruiol be painted or sanded or stained like real wood. For this reason, it was difficult, if not 
impossible, to match plastic components to natural wood surroundings. One prior art solution 
wrapped tho plastic with a foil or laminate having a wood-like appearance. Still another solution 
used an cpoxy to glue wood laminates onto the thermoplastic Such laminates however are 
expensive and easily damaged. 

H is known in the art to combino different forms of plastic with different forms of natural 
fiber such as wood flour, crushed shells of nuts, and other natural materials, the same being 
taught for example, in Canadian Laid Open application 2, 1 44,566. The purpose of such previous 
combinations has been to enhance the physical properties and lower the cost of the product. 
However, tho patent teaches the use of polyvinyl chloride / wood flour / metal release agent / 



fusion enhancer combination, which oblnins its benefits from a physical mixing reactants. 
ThcreisnoteacWngofanyform fphyslsorplion r chenusorption bonding, nor of the benefits 
which may be derived therefrom. Accordingly, a substantial need exists for a composite material 
that can bo made of polymer and wood fiber with an optional, Intentional recycle of a waste 
S stream, which obtains its composite blend properties from the incorporation of a polymeric 
surfactant into the reactant mixture. Through this intimate bonding, a homogeneously dispersed 
cellulose fiber / polymer blend composite may be obtained. A further need exists for a composite 
material that can be extruded Into a shape that is a direct substitute for the equivalent milled 
shape in a wooden or metal structural member. This need requires a coefficient of thermal 
10 expansion that approximates wood, a material that can be extruded into reproducible stable 
dimensions, a high compressive strength, a low thermal transmission rate, an improved resistance 
to insect attack and rot while in use, and a hardness and rigidity that permits sawing, milling and 
fastening retention comparable to wood. 

Further, companies manufacturing window and door products have become significantly 
15 sensitive to waste streams produced In the manufacture of such products. Substantial quantities 
of wood waste, including wood trim pieces, sawdust, wood milling by-products, recycled 
thermoplastic including recycled polyvinyl chloride, have caused significant expense to window 
manufacturers. Commonly, these materials are either burned for their heat value in electrical 
generation, or are shipped to qualified landfills for disposal. Such waste streams are 
20 contaminated with substantial proportions of hot melt and solvent-based adhesives, waste 
thermoplastic such as polyvinyl chloride, paint, preservatives, and other organic materials. A 
substantial need exists to find a productive, environmentally compatible process for using such 
waste streams for useful structural members and thus, to avoid returning the materials into the 
environment in an environmentally harmful way. 
25 Therefore, the prior art teaches that conventional window and door manufacture has 

commonly used wood, metal and thcrmoplastio composites or a combination thereof. Wood 
windows, while structurally sound, can deteriorate under certain circumstances and require 
painting and other periodic maintenance. Thermoplastic, metal or thermoplastic composite 
windows have overcome this problem, but have created others. Metal windows typically suffer 
30 from substantial energy loss during winter months. Thcrmoplastio or thermoplastic composite 
windows, although structurally sound, have no wood on the inside which is generally preferred by 
the consumer. To overcome this shortcoming, manufacturers have used various alternatives. 
One such alternative Is a combination of wood, metal r thermoplastic for the manufacture of 




witidows which places the metal or thermoplastic on tho outside of the window (thereby 
eliminating painting), while having the inside oFthc window as a wood surface, which can then be 
sanded, painted or stained. Tho thermoplastic or thermoplastic composite manufacturer often 
wraps the surfaces visible on the inside of the window with a foil or laminate having a wood-like 
appearance. Such foils however, Arc expensive, difficult and time consuming to apply and arc 
easily damaged by the end-user. At best, they are only an imitation which is obvious to the eud- 
uscr and cannot be sanded or stained. Another approach is to glue wood veneer on the inside of 
the window surfaces. This however, is difficult to apply and extremely costly. 

NL-A-9302125 discloses a method for making fibre-reinforced thermoplastic material having 
porosity, which is achieved by a foaming action in the surface of the material by substances which 
rcicaso gases under tho action of Increased temperature as teh cxtrudate leaves the dio and the 
surrounding pressure is released. The requirement of foaming gases is eliminated with this 
invention. 

EP-A-292 584 di&lcoses a method for making panels and various processing steps used In 
forming a mixture of thermoplastic resin and organic filler wherein tho plasticatton of this mixture 
is performed simultaneously with its formation. There is no mention of any combination of 
additives wherein the additives act in an antagonistic manner with regard to each other as is the 
situation with the present Invention. 

The presont invention Telatca to a new and improved stainablc and paintable article and 
method of making the article which is effective in use and overcomes the foregoing difficulties and 
disadvantages while providing belter and more advantageous overall results. 

Summary of the Invention 

In accordance with the present invention, there is provided a process for combining collulosic 
fiber and thermoplastic polymer materials, for example* wood fiber and polyvinyl chloride, 
coupled with the addition of a controlled amount of a release agent and an interfadal agent, 
within defined shear rate ranges, to form a composite material which is useful in forming 
structural members of controllable porosity, thereby permitting tho application of stains and/or 
paints in a manner similar to that of natural wood. 

In addition, the invention pertains to the additional step of cocxtruding an additional 
thermoplastic material (o.g. f PVC) to form a unique composite of a composite plus a 
thermoplastic composite of thermoplastic and wood flour plus cither the Same or another 
thermoplastic). This composite can be used to produce window and door parts that can be 
sanded, painted and stained on the natural fiber / thermoplastic side and have the advantage of the 
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thermoplastic on th other side. This composite material can be used to replace parts beins 
produced from wood, thermoplastic or metal such as aluminum and a combination thereof 

The process of tlus invention manufactures a composite shape comprising a mixture of a first 
polymer and cellulosic fiber with optionally, a second polymer such as polyvinyl chloride. In 
making the natural fiber / PVC composite, about 10-55% of fiber and about 90-45% polymer are 
combined in an extruder. The materials are blended in a high intensity mixer and cxtnided in a 
multi screw extruder. This is the preferred method, but it is recognized that blending and mixing 
can be done in the multi-screw extruder, thereby eliminating the high intensity mixer. The mixture 
is blended under melt conditions in the extruder under sufficient conditions of temperature and 
pressuro to permit degassing (ievextracting water out of wood flour, and the 
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volatile* and water out of the PVC) and simultaneously have an extnidatc with a porosity that 
when formed, can be sanded, painted and stained. 

The preferred composite material can be made from many different plastics, e.g.. 
polyolcfin, polystyrene, poly(mcth)aciylic or polyester The most preferred system uses polyvinyl 
5 chloride and wood flour. I t has been found that the addition of a metal release agent is required 
to obtain a melt which is fracture-free. This agent may interact with an interfaciai agent and the 
two components must be combined in defined ratios to obtain good flision and desired porosity. 
Shear rate tlirough the die openings aflect porosity. The higher the shear rate, the higher tho 
porosity. Shear rates in the range of 200-500 see" 1 have been found to produce the desired 
10 porosity. While o twin screw extruder U envisioned to be the beat mode of practicing the 

invention, h is believed that a single screw extruder will also produce an acceptable product with 
certain screw and barrel modifications. 

It is an object of this invention to provide a process by which wood flour, thermoplastic 
polymer, metal release agent and interfaciai Rgcnt are combined to result in a composite which is 
1 5 of controlled porosity. 

It is another object of this invention to provido an improved extruder screw design by 
which the above composite can bo formed. 

These and other objects of this invention will be evident when viewed in light of the 
drawings, detailed description, and appended claims. 
20 Jlrief Description of the Drawings 

The invention may take physical form in certain parts and arrangements of parts, a 
preferred embodiment of which will be described in detail in the specification and illustrated in the 
accompanying drawings which form a part hereof, and wherein; 

Fig. 1 is typical manufacturing setup for equipment used to compound a PVC/wood 
25 composite; 

Fig. 2 is a manufacturing setup showing two extruders and a dual extrusion head, with 
subsequent material processing equipment; 

Fig. 3 is a side view of an extruder screw as would bo used in Fig. 2 for performing the 
process of the present invention; 
30 Fig. 3a is an expanded view of a notch configuration in the pro-compression section of the 

extruder screw as shown in Fig. 3; 

Fig. 4 is a side view of an extruder with various identified temperature zones; 

Fig, 5 is a side view of an extruder showing the proper feeding level within the feed tube; 



Fig. 6 is a side view shown in cross-section of the eo-extruslon die; 
Fig. 7 is a side view a vacuum calibration device; 

Fig. 8 is a cross-sectional view of the vacuum calibration device shown in Fig. 7 along line 



8-8; 



5 Tig. 9 is a aide viow of an embossing station; 

Fig. 10 is a perspective view of a piece of trim manufactured in accordance with the 
process described hi this invention; 

Fig. U Is a perspective view of a handle rail manufactured in accordance with the process 

described in this invention; 
10 Fig. 12 is a perspective of a double hung window utilizing components maoufaciured in 

accordance with the process described in this invention; 

Fig. 13 is a steel, fiberglass or wood doorutiliang components manufactured in 
accordance with the process described in this invention; 

Fig. H is a window component manufactured in accordance with the process described In 

15 this invention; 

Fig. l5isasoannlng electron micrograph of a natural fiber/PVC composite taken at 15 
KV at 20x magnification; 

Fig. 16 is an enlarged scanning electron micrograph of Fig. 15 taken at 15 KV at 100* 

magnification; and 

20 Fig. 17 is an Tim spectra showing the affect of the addition of an interfacial agent 

wherein Sample A has an oxidized polyethylene as the interfacial agent and Sample B has no 
interfacial agent added. 

Detailed Description of the Invention 
Referring now to the drawings wherein the showings are for purposes of illustrating the 
25 preferred embodiment of the invention only and not for purposes of limiting the same, the Figures 
show a process and a product which results from the process taught in this invention. 

As shown in Fig. 10, a composite article (150) is shown having a first rone (152) and a 
second zone (154). In a preferred embodiment, the first zone is made entirely of plastic, most 
prefcrrcdly polyvinyl chloride. The second zone Is a composite made of natural fiber and plastic. 
30 Once again, the most preferred plaslic is polyvinyl chloride while the preferred natural fiber is 
wood flour. Other non-lliniting examples of other thermoplastics believed to be uscfiil in this 
invention would include polyoleflns, polystyrenes, polyacryllcs and polyesters, while other nalural 




fibers such as crushed nut shells are also envisioned as being capable of successful incorporation 
irtlo this invention. 

The surface (1 56) of the second tone (154) is formed so that it has sufficient porosity to hold 
and retain conventional wood slain. The porosity of sur&ce (1 56) Is controlled by a mechanism 
which is not as yet fiilly understood, but is believed to involve several variables. The addition of 
small amounts of porosity agents, sometimes referred to as metal release agents, affects surfece 
porosity. Increasing tho amount of porosity agent in tho composite decreases tho porosity of the 
surface while decreasing tho amount of porosity agent increases porosity. The preferred porosity 
agent is availablo under the commercial name Khcochcm Rhcolube, a paraffin and/or hydrocarbon 
wax blend [CAS Reg. No. 8002-74-2] having a melting point above 170 Q F (76.7°C), (preferably 
above 1 85 °F (35 0 Q) although other porosity agents, cither alone or in combination with other 
porosity agents or metal release agents, which function in a similar capacity arc also envisioned to 
be within the scope of this invention. Porosity agents are added in an amount of from 0.01% to 
5%, more preferably from 0. 1% to 4%, and most preferably from 0.5% lo 3% weight percent. 

lnterfaciat agents also play a role in this process in aiding with the intimate blending of the 
dissimilar surfaces of wood flour (hydrophilic) and polymer (hydrophobic). The interfaciol agent 
acts as a polymeric surfactant and aids in the formation of the polymer / wood flour blend through 
its dual functionality of having at least one portion of the moiety being hydrophilic and at least 
one other portion of the molecule being hydrophobic. Perhaps phrased another way, the moiety 
must be functtonalized to tho extent wherein at least one part of the molecule can bond either in a 
chemical or a physical scnse> to at least the cellulose component of the wood flour while at least 
one other poi lion of the molecule can mix and/or compatibilize with the polymer. 

Shear rate tlirough tho extrusion die opening also determines the final composite porosity and 
measurable porosity was only achieved by using a shear rate which was between 220-500 see" 1 . 
Surface (1 56) is also saadablc with conventional sandpaper and can also be paintablc. As such, 
Hi© surface can bo sanded, painted or stained to closely resemble genuine wood and can be 
matched to other interior surfaces. 

Wood flour (as wood) is comprised of different wood particles which tend to vary in color. A * ( 
coloring agent (e.g., TlOj) is added to eliminate this variation. This is accomplished to the second 
zono (154), where variations and color of natural fiber may make such color emulation difficult to ^ 

» 1***7 "•**> 

control within precise color schemes. Typically another coloring agent (e.g., Ferro V9156) is *i$)2? 



added to simulate wo d oolors. 
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The comp site which makes up the second zone includes 10% to 55% natural fib r and 
45% to 90% PVC, and a sufficient amount of both a porosity agent and an interracial agent as 
defined previously to obtain a surface suitable for staining. One example of an interfacial agent is 
a copolymer of ethylene and acrylic add, i.o., poMethylene-co-acrylic acid) 
5 (-CH.ClVU-CIIjClKCO^)-], of varying acrylic acid content. The CAS number for this family 
of compounds is [9010-77-9]. The interftclal agent is required to promote fusion in the extnidor 
prior to venting to allow application of a vacuum to abstract moisture from the natural fiber. The 
mtcrfacial agent is typleally added in an amount of from 0.01% to 2%. more preferably from 
0.05% to 1%. and most preferably from 0.01% to 0.5% by weight. 
10 It is envisioned that a number of polymers are capablo of aetrog as an interfacial agent 

between the cellulose surfaces in the wood flour, which have a high hydroxy content, and the 
polymer phase, e.g., polyvinyl chloride. Without being limited to auy ono theory, it is believed 
that the inlerfhcial agent adsorbs on the surface of the cellulose particles and makes that surface 
"look" more polymer-like to the surrounding polyvinyl chloride. Hence, any polymeric 
1 5 compound likely to physisorb or chemisoib on cellulose is believed to provide the desired 
interfacial blending necessary to effectively form the desired product blend. 

Various copolymers effective in this application would include copolymers of ethylene 
and acrylic acid, l.e. poly(cthylene-co-acrylic acid), (-CHjCllj-U-CIfjCHfCOJl)-],, 
commercially available with varying acrylic acid content One of the keys to the efficacy of this 
20 group of compounds is the "-co-acrylic acid" or similar type of polymer grouping. Other 
promising candidates of this sort would Include: 
poly(cthylene-co-mctliacryIic acid), 

(-CHjqVU-CH^CCCH^COjH)-], ; 
poh/(ethylene-co-methyl acrylate-eo-aerylic acid), 
25 (-ClIjaVU-CHjaKCO^T^C-CHjCIKCOjHH. ; 

poly(methyi methacrylate-co-mcthacryllc acid), 

[.CHACH^CCOjC^-U-CH^CIIjXCOaH)-!, ; and 
poly(tert-butyl acrylate-co-ethyl aayiate-co-mcthacrylio acid), 

[-auaiicoACH^vu-crw 

30 Another chaniclerislic believed to play a role in the effloaoy of the interfacial agent is its hydroxy 
content. Assuming'physisorption is the predominant mechanism, then compounds which arc 
believed to aid in the composition would include: 



poly(styrcne-co-alryl alcohol), 

[^cH J ai(c 4 H J >] 11 (-CH a cn(ai 1 OHH ; ™* 

polyvinyl alcohol-co-cthylonc), 

(-CHaCHj-Xt-ClijCIKOH)-], . 
AS will be discussed later in this application, when chemisorption Is at least one of the operative 
modes of this invention regarding the intcrfacial agent and the cellulose, then any carboxylic acid 
croup containing polymer will have at least some degree of efficacy in this system. Additionally, 
ester bonds can be formed from amides, acrylates, acyl haldes, nitrilcs and add anhydrides 
reacting with hydroxyl groups. Additional representative polymers would include: 

polyvinyl chloride), carboxylated, 

poly(vinyl chloride-co-vinyl acctate-co-malcio anhydride), and 

[-Gr^CHCCl^UCHaCHCOjCCl^y-CHCCO^KCOaH)-], 

various -co-maleic acid or -graft-maleio acid polymers, of which there are many. 
Amides will react with alcohols under acidic conditions to produce an ester and an ammonium 
salt, rather than water as in the ease wilh carboxylio acids, of which representative examples 

would include: 

polyacrylamide, 

[-CHjCHCCONHiH. : and 
po!y(acrylamide-co-acrylic acid). 

[-CH J CH(CONW J )-],[CH 1 CH(C0 2 H).] y , 
although the hygroscopic qualities of these polymers somewhat diminish their effectiveness in this 

application. 

Another chemistry which is applicable is that of the acrylates, which are a subset of esters. 
11 would bo possible to form an ester bond with an alcohol producing another alcohol in a 
transcstcriflcatlon reaction. For example, a mcthacrylate containing polymer could react with the 
surfaco hydroxyl to form the surface ester bond and methanol. Representative examples would 

include: 

poly(methyl melhacrylatc), 

(-CHjC^a^CCO^H,)-],,; 
poly(ethyl mcthacrylate), 
poly(othylcnc-co-ethyl acrylate), 

(-CHjC^-Xt-CIljCIKCOAHH i and 
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poly(bulyl acrylate), 

HCH x CH a )C0 1 (CIf 2 ) J Cn i .] fl . 
Jt is also known that acyj halides can react with an hydroxy! group t yield the ester bond and 
HCI. Another reaction chemistry would include that of a niirile with a hydroxy! group under 
5 acidic conditions to yield the ester bond and an ammonium salt. Representative examples would 
include: 

polyacrylonilrilc, 

[-CU i CU(C34)-l a ;and 
poly(acryloiulriIe*co-buladicnc), 
10 [-CIIjCHCChO-n-CHjCH-CHCH,.], , 

particularly when the above poly(acrylonitrilo<o-butadiene) is functionalized via amine 
termination or carboxylation. 

Anotlicr reaction which is possible is via an acid anhydrido which reacts with a hydroxyl 
group lo give the ester bond and an ester, A representative example would include: 
1 5 poly(cthylcne-co-ethyl acrylatc-co-mBlcic anhydride). 

Another ftmily of block copolymers which are believed to be effective in this composition 
would be those formed with pnlyaciylic or polyracthyacrylic add, c.g„ polystyrene di-block 
copolymers such as poiysiyrcnc-b-polyacrylic acid and polystyrcne-b-polymethacrylic acid. Other 
candidates include block copolymers with polyvinyl alcohol or polyoxyethylcne. 
20 Anotlicr family of block copolymers which are believed to be effective in this composition would 
be those formed with polyawylic or polymethyacrylic acid, e.g., polystyrene di-block copolymers 
such as polystyrcnc-b-polyaciyllc acid and polystyrcne-b-polymethaciylic acid. Other candidates 
include block copolymers with polyvinyl alcohol or polyoxyethylene. 

Once again, without being limited to any one theory of operation, it is conceivable that 
25 any hydroxyl, hydroxy or acid functionalized low to medium molecular weight polymers may 
serve as compatibilizer* in tliis system, o.g M hydroxyl functionalized polybutadiene [CAS 69102- 
90-5], HO^CHjCII-CHCHj-^OH. Other compounds which may act similarly would include 
polyvinyl chloride-co-vinyl acetate), 

[-CH 2 CH(ClH[-Cn a ClK0 2 CCllj)-] y ; 
3 0 poly( vinyl chlorido- co-vinyl acctate-co-2-hydroxypropy! acrylate), 

[-Cil,ai(CI)-]JCH£ 
polyvinyl chloride-co-vinyl acetato-co-maloic acid), 

[-Cl^CIlCCO-UCHiCHCOjCCH^l^-CHfCO^CHCCO^H)-],. 



As shown in Fig. 1, a typical manufkcturing mixing setup is shown in order to'produce the 
plastic/wood composite. In an illustrative example, the following materials as shown in Tabic I 
would be added into mixing apparatus (10) through inlet (12). 

Table I 







Wood Flour 


50.0 lbs. (22.7 kg.) 


Porosily Agent 


- ..2.5 lbs. (1.1 kg.) 


Intei facial Agent 


0.3 lbs. (0.14 kg.) 


Pigment 


5.0 lbs. (2.3 kg.) 


PVC 


116.0 lbs. (52.7 kg.) 



The preferred plastic is polyvinyl chloride or PVC, although it is envisioned that other 
thermoplastics would also be operative in thi« process making appropriate temperature 
modifications due to polymeric base property differences. Other envisioned thermoplastics would 
include polyolcfins, polystyrenes, polyacrylica and polyesters. The preferred natural fiber, wood 
(lour, is manufactured In hardwood and pine grades, or In any natural fiber containing cellulose, 
and in various particle size distributions. Wile the mesh sizes from 20 mesh (850/i) to 140 mesh 
(106yu), the preferred wood fiber is 80 mesh (180m) hardwood grade. 

The high intensity mixer (10) is started using mixing blade (1 6) in hopper (14) after the 
ingredients are added via inlet (12). Mixing continues until the temperature of the mixture 
reaches 210°F (99°C). This temperature is higher than the melting point of the porosity aid used 
(Rheolube), but lower than its decomposition temperature. As the porosity aid is melted, it 
adheres to the wood and other ingredients making a better homogeneous mixture. Upon reaching 
the final mixing temperature, tho high intensity mixer (10) is stopped and its contents discharged 
via outlet (18) Into water jacketed ribbon blender (20) which reduces the mixture temperature to a 
lower constant temperature, thereby reducing the heat history of the composite material. In a 
preferred embodiment, this reduced temperature is room temperature. Variations in material 
temperature will cause extrusion throughput changes, which is highly undesirable, as would be the 
case when the material is used immediately after blending. Since generally some period of time 
passes prior to the utilization of tho material, the temperature is reduced to room temperature for 
convenience, and to minimize degradation. 
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In Fig. 2, a typical manufacturing operation (30) is shown schematically. A first extruder (32) 
Into which tho mixed polymer/fiber has been added of Fig. 1, extrudes the natural fiber / plastic 
compound through a dual extrusion head (36). A second extruder (34) which is necessary to 
make a cc-laroinaicd extruded product, but optional to simply make a natural fiber / plastic 
compound, extrudes a solid polymer (c.g., PVC) also through the dual extrusion head. The 
preferred manufacturing operation utilizes a conical twin extruder because it has good PVC 
processing characteristics, can homogenize the PVC/wood Hour mixture and all other ingredients. 
In addition, it has venting capability to extract water from the wood flour and the other 
components. Wood flour can have between 1-10% water initially present, (more typically 3-6%), 
and this amount is reduced down to less than about '/*%. After the composite has been extruded 
through the dual extrusion head (36), it passes to a vacuum calibration device (38), described 
more fully with reference to Figs. 7-8, an embossing station (40), described more folly with 
reference to Fig. 9, a puller (42) which continues to puU the extruded composite through the 
process apparatii and a cutter (44) which cuts the composite to desired lengths. While separate 
mixing and extruding equipment has been described, for some applications, it is possible that the 
step of mixing oan occur in tho extruder. It is of course appreciated that the designation of first 
and second exlrudct s is for purposes of convenience only, and that materia! fed into ouo extruder 
could just as easily be fed into tho other extruder after having incorporated the modifications to 
the screw design as discussed below in addition to the appropriate temperatures as also discussed. 

As shown in Fig. 3, one customized screw (SO) from tho extruder (32) is shoWn. Because of 
tho high wood flour content in the compound, a set of high shear screws arc utilized to enhance 
fusion before the vent. To further enhance the fusion process between the wood flour and 
polymer, tho feed and shear sections prior to the vent have been modified to increase the feed 
(wood flour g/eatly decreases the bulk density) and increase the shear action of the screws. A 
screw shaft (52) is divided Into a plurality of sections, each designed to maximize the performance 
of ono aspect of this process. In the feed section, screws (56) of width (w), e.g., 0.560" (1.4 cm) 
are reduced to screws (54) having a more narrow width (w'), e.g., 0.236* (.6 cm) to permit more 
feed into tho extruder and minimize tho wear and tear on the screw flights. In the pre-compression 
section, a plurality of notches (60), (26 notches as used in a specific embodiment of this invention) 
are cut into Ihe screw* (58) to increase the amount of shear to wlucli the composite is exposed, 
since a homogeneous melt has yet to be made, leading to compression section (62) where the 
fusion is maximized. The prc-comprcsston screws notches are - 1 * (-2.5 cm) diameter and the 
notches are -0.17* (-.43 cm) up from the root diameter of the screw with -6 notches per 
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flight as shown in Fig. 3a. Vent flight (64) relieves the pressure generated by the fusion process 
and water vapor release leading to metering section (66) which leads to extrusion die (36). 
Insufficient vacuum leads to a product which easily goes through the die, but which has no 
mechanical strength, The vacuum used typically is about 0.6 bar, but can range from 0.2 to 1 bar. 

As indicated previously, wood flour reduces the bulk density of the composite 
formulation. With the preferred 30-40% wood flour content, extrusion In a multi-screw extruder, 
with conventional screws, such as used in P VC pipo extrusion, was simply not possible. The 
material was not sufficiently mcltod to allow abstracting water and volatile^, Altering the screws 
as described previously, to obtain more volume in the metering zone and more shear in the 
compression section, permitted controlled venting. It has also be determined that the temperature 
profile of the extruder is important in developing the characteristics associated with the 
composite of this invention. It has been found that a high initial temperature in the input zone of 
the extruder is Important, while reducing tho temperature through the extruder zones as the 
material passes flrom the input zone through interior zones to the die zones aids in melting the 
material prior to the venting port, and also aids in forming a melt that is homogeneous and has 
porosity after it exits the die. 

In a preferred embodiment of this invention, the temperature profile of the extruder 
comprises a high input temperature, a step-wise reduction in temperature as the material passes 
from the input zone through the interior zones of the extruder. The temperature of the 
cocxtnision die is greater than the interior zone, but less than the input (feed) zone. Even using 
the above mentioned steps, melting prior to the vent was difficult. The addition of an interfacial 
agent greatly enhances fusion prior to the vent, but also has an adverse effect on the porosity of 
the melt. 

The preferred extruder for performing the present invention is a Krauss-Maffei KMD 60 
multi-screw extruder. Other extruders such as Cincinnati Milacron (CM-55) could also be 
utilized in the invention. The KMD 60 is preferred in that it has a positive displacement pump for 
the controlled transport of material through a dia The extruders used in this invention will have 
as major component*, a barrel and preferably two screws, to transport, mix and compress the 
material, a heating and cooling system to control the heat needed for processing, a drive train to 
power the screws, and a control station for controlling the operation of the extruder, including 
Instruments to monitor tho process and indicate possible problems. 

Tho barrel will bo of a meshing, dual conical tape bore. The combination of barrel taper 
and screw flight provides proper compression of tho composite material. As shown in Fig. 4, the 
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barrel is manufactured in one piece and has four operational zones. The larger outside diameter 
of the screws in the barrel intake area, zone 1 (78), allows for good intake of material and 
provides a larg surfoco area for heat transfer to the material. Between zones two (79) and three 

(80) , is a vent (76) to allow moisture and other gases to escape from the barrel (71). The fourth 
5 zone (81) is a metering zone where tho material is compressed and metered out to a die (84). 

Between die (84) and extruder barrel (71) Is an adapter (82) having zones 5 (83) and 6 (85). 

The screws each have a hollow core through which heat transfer liquid is circulated. This 
Allows tho transfer of unwanted ftictional heat from zone 4 (81) back toward zone 1 (78). The 
four heat zones on barrel f7l) are independently controlled by electric heat bands and heat 

10 exchangers for accurate stabilization of operation temperatures. Likewise, zones 5 (83) and 6 
(85) on adapter (82) and zone 7 (87) on dio (84) are independently controlled by heater bands 
and heat exchanncrs for accurate temperature control. The temperature of the heat transfer liquid 
in the screws is also independently controlled. Tho preferred screws are Xrauss-MarTci Pipe 
screws (high shear and high compression), and the preferred die is a custom-built co-extrusion 

15 die. 

Heat is applied to tho four barrel zones by the electric heat bands. Heal is removed from 
barrel (71) by circulating oil through coils wound around the barrels at zones 2 (79), 3 (80) and 4 

(81) . The oil b circulated by a pump unit through a heat exchanger located in the base of the 
extruder. The barrel cooling system is equipped with flow indicators for a visual check of the 

20 cooling performance in each cooling zone. Screw core cooling/heating is accomplished with an 
independent temperature control unit. 

The drive train begins with an infinitely variable speed, constant torque drive motor 
coupled to a speed roduccr. From the speed reducer, the drive train evolves into a two-shaft 
distribution gear drive. Since the drivo shafts arc on the center lines of their corresponding 

25 tapered screws, it Is possible to use largo gears for torque transfer and large bearings to take up 
the axial force (back pressure) generated in the operation of the extruder. In order to achieve 
consistent quality of product, the speed and motor load of the drive train and the axial load of the 
thrust bearings are measured. Tho temperature within extruder (70) is elevated to have a profile 
as shown in Table IL 



Table H 

Twin Screw Extruder Temperature Prolilo 





ii;:JESitrudfrJl .. 




Screw oil 


395 9 F(202°C) 


240 # F(116 d C) 


2 Zones before vent 


395T (202 e C) 


360«F(182°C) 


2 Zones after vent 


33S°F(168'C) 


290 e F(143 8 C) 


Adapter 


375'F(19rC) 


375°F(191*C) 


Extrusion die 


390«F(199°C) 


390°F(199*C) 



The tomperaiuro profiles of screw oil temperature (72), temperature two zones before (78) the 
vent (76), two zones after (80) the vent, the adapter (82) and extrusion die (84) arc shown. 

As shown in Kg. 5, in most extruder applications, the common practice is to flood feed (94) 
the extruder (90). This should be avoided. The high wood flour content with S-6'A moisture, 
mVcs off steam when it comes into contact with the extrusion screws (102). It is difficult, for the 
steam to esoape when the feed throat (92) is flood fed (94) leading to clumping of material and 
output variations. A level that barely covers the screws (96) is ideal. 

When the extrudatc exits the adapter (82) of Fig. 4, it enters into the integrally attached co- 
oxtrusion head (1 10) as shown in Fig. 6 wherein PVC extrudatc (1 1 8) from the Becond extruder 
(112) is coextruded onto natural fiber/FVC oxtrudate (i 16) from the first extruder (1 14) to form 
the coextruded composite (120). A typical temperature profile of the second extruder (1 12) 
would be essentially as follows (Table III) when it is a single screw extruder, and would appear as 
tho second column in Table II when a double screw extruder. Broader ranges for the 
temperatures would encompass from 165-218X before the vent, from 138-199°C after the vent, 
from 149-21 8 d C adjacent to the die, from 177-21 8'C at tho die, and a screw oil temperature from 
165-218°C. 



Table in 







Rear 


340*F(171 9 C) 1 


Adjacent 2 Zones 


330°F(166°C) I 


Adapter 


3lO'F(J54'C) | 



As shown in Figs. 7 and 8, the composite extrudatc (1 20) then passes through a vacuum 
calibration devico (130) having vacuum grooves (134). The internal conflfiuration which touches 
the composite exirudatc has the shape of the final shape of the desired profile. A vacuum is 
applied to the composite shapo to make it conform to the calibration configuration and 
continuously mold and cool the product. The calibration device is water cooled using water 
cooling channels (136) so that the composite extrudate cools while being formed. 

The composite shape is now completely cooled and enters the embossing station (140) as 
shown in Fig. 9. This is a C diameter hardened and chrome plated wheel (142) which is 
embossed with typically either a pine or oak pattern (144). It is heated to 177" - 199 a C and 
sufficient pressure Is applied to obtain a wood pattern while it is being rotated from tho composite 
shape being pulled through, although in some applications, the embossing station may be motor- 
driven. Depending on the number of surfaces which are to be embossed, an embossing roll is 
required for each surface. 

While the embosser is shown subsequent to the calibration device, it is also envisioned that in 
some applications, tho embossing station (140) may be positioned subsequent to the extrusion die, 
followed by sizing calibration operations. In this Instance, the material will still be hot and will 
require that the embossing station be motor driven and cooled. 

Tho finished composite shape then passes through a puller which acts as the pulling force to 
pull the composite through the calibration device and embossing stations. The composite shape is 
then pushed through a saw which travels with the shape as it is being sawn to length. 

The best mode for carrying out tho invention will now be described for the purposes of 
illustrating the best mode known to the applicant at the time. The examples are illustrative only 
and not meant to limit the invention, as measured by the scope of the claims. 
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A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance 
with the conditions discussed above by combining the rcactanls in the following amounts: 

Tabid 







Wood Flour (American Wood Flour) 


50.0 (22.7 kg.) 


Porosity Agent (Rheocbem Rhcolubc 185) 


2.5 lbs. (1.1 kg.) 


Interfacial Agent (as identified below) 


0.3 lbs. (0.14 kg.) 


Pigment (Dupont R960 TiO,) 


5.0 lbs. (2.3 kg.) 1 


Pigment (Ferro V9156) 


1.5 lbs. (0.7 kg.) 1 


PVC (Georgia Gulf 3304/WH194) 


11 6.0 lbs. (52.7 kg.) | 



Emmoh 112 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance 
with the conditions and quantities of reactants as discussed above in Example #1 with the 
substitution of poly(cthylene-co-aciylic add), (-CH^HAI-CH.CIKCO^.^ [CAS 9010-77-9} 
as the interfacial agent and wherein the values of x and y are adjusted to control the degree of 
blend compatibility desired with the final physical characteristics of the composite. 
l&Qijtplsll 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance 
with the conditions and quantities of reaclants as discussed above in Example #1 with the 
substitution of poly(ethylene-co-methacryUc acid), (-CHjCHj-Xt-a^C^XCOaH)-], [CAS 
25053-53-6] as the interfacial agent and wherein the values of x and y are adjusted to control the 
degree of blond compatibility desired with the final physical characteristics of the composite. 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance 
with tho conditions and quantities of reactants as discussed above in Example #1 with the 
substitution of poly(elhylcne-co-methyI acrylatc-co-acrylic acid), 

(-CHjClIi-U-CMzaKCOjCH^t-CHja^COjHHtCAS 41525-41-1] as the interfacial agent 
and wherein tho values of x, y and z arc adjusted to control the degree of blend compatibtUty 
desired with the final physical characteristics of the composite. 
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Exain phJil 

A composite orPVC / wood Hour / p rosily agent / interfacial agent is made in 
accordances with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of po1y(mcthyl mcthacrylate-co-methacrylic add), 
5 [-CHjCCCHjJCCOiCll^U-CH^C^KCOjH)-], as the intcrfkeial agent and wherein the values 
of x and y are adjusted to control tho degree of blend compatibility desired with the final physical 
characteristics of the composite. 
K*y»pl6 it 6 

A composite of PVC / wood flour / porosity agent / Interfacial agent is made in 
10 accordance with the conditions and quantities of reactanls as discussed above in Example #1 with 
the substitution of poly(tcrl-buty acrylale-co-ethyl acrylatc-co-methacrylie acid), 
[.CH,CH[CO ACrWOrU^WCOAHHI-CHiCCCHjXCO^H « interfacial agent 
and wherein tho values of x. y and ?. arc adjusted to control the degree of Wend compatibility 
desired with tho final physical characteristics of the composite. 
15 EnaapkJZ 

A composite of PVC / wood Hour / porosity agent / interfacial agent is made in 
accordance with tho conditions and quantities of reactants as discussed above in Example Ul with 
the substitution of poly(styrenc-co-allyl alcohol), [^HAHC^-U'CHaCHCCHjOH)-], [CAS 
2511 9-62-4] as the interfacial agent and wherein the values of x and y arc adjusted to control the 
20 degree of blend compatibility dosirod with tho final physical characteristics of the composite. 
JZx ampte 118 

A composite of PVC / wood flour / porosity agent / interiacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of polyvinyl alcohol-co-ethylcne), (^I,CH,-M-<^CH(OHH [CAS 25067^ 
25 34-9] as the imerfaeial agent and wherein the values of x and y are adjusted to control the degree 
of blend compatibility desired with the final physical characteristics of the composite. 

A composite of PVC / wood flour / porosity agent / imerfaeial agent Is raado in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
30 tho substitution of poly(vinyl chloride), carboxyUted, as tho interracial agent. 
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Exam ple HIO . 

A composite of PVC / wood flour / poroaliy agent / interfacial agent is made in 
accordance with the conditions and quantities of reaetanta as discussed above in Example #1 with 
iho substitution of polyvinyl chloride-co-vinyl acctale-co-maldc anhydride) 
5 [-CH 1 ai(Cl)-LrCH J CH(0 J CCH 3 H[-CH(CO l H)CH(C0 2 HH 1 [CAS 9005-09-8] as the 

inteifadal agent and wherein the values of x, y and z are adjusted to control the degree of blend 
compatibility desired with the final physical characteristics of the composite. 

A composite of PVC / wood flour / porosity agont / inleriacial agent is made in 
1 0 accordance with the conditions and quantities of reactanl* as discussed above in Example #1 with 
the substitution of poryaerylamide, [-CIl,CH(CONH,H, [CAS 9003-05-8] as the interfacial 
agent and wherein the value of n is adjusted to control the degree of blend compatibility desired 
with the final physical characteristics of the composite. 

15 A composite of PVC / wood (lour / porosity agent / intcrftcial agent is made in 

accordance with the conditions and quantities of reactants as discussed above in Example Ul with 
the substitution of poly(aerylamide-co.acrylic acid), [-CH,CI KCONHjRICHjaKCOjHH 
[CAS 9003-06-9] as iho interfoelal agent and wherein the values of x and y are adjusted to 
control Iho degree of Wend compatibility desired with the final physical characteristics of the 

20 composite. 
Example ii J 3 

A composite ori'VC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of rcactanls as discussed above in Example #1 with 
tiio substitution of poly(mcthyi mothacrylate), KHACH,)(CO,CH,)-]. [CAS 9001-14-7] as the 
25 interfacial agent and wherein tho value of n is adjusted to control the degree of blend 
compatibility desired with lite final physical characteristics of tho composite. 
Exam ple IH4 

A composite of PVC / wood flour/ porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above to Example Ul with 
30 the substitution of poly(ethylene-co-ethyl acrylato), (-CHjCHa-Xt-CHjCHCCOjCj^-ly [CAS 
9010-86-0] as the interfacial agent and wherein the values of x and y aro adjusted to control tho 
degree of blend compatibility desired with the final physical characteristics of the composite. 
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Examph iiS 

A composite of PVC / wood flour / porosity agent / interfacial agent is mado in 
nooordnnee with tho conditions and quantities of rcaciants as discussed above in Example #1 with 
the substitution of poiy(butyl ncrylate), KCHjCHJCOjfCH^CH,-],, [CAS 9003-49-0] as the 
5 intcrfacial agent and wherein the value of n is adjusted to control the degree of blend 
compatibility doslrod with the final physical characteristics of the composite. 
(Lvaiiipfe UIC 

A composite of PVC / wood flour / porosity agent / interfacial agent is mado in 
accordance with the conditions and quantities of rcactants as discussed above in Example U\ with 
10 the substitution of polyacrylonitrile, [-CH 2 CH(CN>] n [CAS 2S014-41-9] as tho interfacial agent 
and wherein the value of n is adjusted to control the degree of blend compatibility desired with 
the final physical characteristics of tho composite. 
fkamah it 17 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
15 accordance with the conditions and quantities of rcaciants as discussed above in Example #1 with 
the substitution of polyCacrylonitrile-co-butadieno), [CH 2 CH(CNHI^a*^ HCH r], tCAS 
9003-18-3] as the interfacial agent and wherein the values of x and y are adjusted to control the 
degree of blend compatibility desired with the final physical characteristics of the composite. 

20 A composite of PVC / wood flour / porosity agent / Intcrfacial agent is made in 

accordance with the conditions and quantities of rcactanta as discussed above in Example M with 
the substitution of poly(cthylcne-co<thyl aorylat<>co-maleic anhydride) [CAS 41171-14-6] as the 
intcrfacial agent and wherein the value of the molecular weight is adjusted to control the degree 
of blend compatibility desired with the final physical characteristics of the composite. 

A composite of PVC / wood flour / porosity agent / interfacial agent Is mado in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of porystyrene-b-polyacrylic acid as the interfacial agent and wherein the relative 
amounts of Ihe polystyrene block and tho polyacrylic block are adjusted to control the degree of 
30 blend compatibility desired with the final physical characteristics of the composite. 

A composite of PVC / wo d flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #\ with 
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the substitution of rK>lystyrene-b-polymclhacrylic acid as the Interfacial agent and wherein the 
rclalivo amounts f (ho polystyrene block and the polymcthacrylte block are adjusted to control 
the degree of blend compatibility desired with the final physical characteristics of the composite, 

5 A composite of PVC / wood flour / porosity agent / interfacial agent is made in 

accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of polystyrenc-b-polyvinyl alcohol as the interfacial agent and wherein the relative 
amounts of the polystyrene block and the polyvinyl Blcohol block are adjusted to control the 
degree of blend compatibility desired with the final physical characteristics of the composite, 
to OxamfikMU 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with tho conditions and quantities of reactants as discussed above in Example #1 widi 
the substitution of poiystyrcnc-b-polyoxyethylene as the interfacial agent and wherein the relative 
amounts of tho polystyrene block and the polyoxyethylcno block are adjusted to control the 
15 degree of blend compatibility desired with the final physical characteristics of tho composite 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above In Examplo #1 with 
tho substitution of hydroxyl funeilonalizcd polybutadieno, HOC-CIIjCI-l^HCHj-^OH [CAS 
20 69 1 02-90-5] as the interfacial agent and wherein the value of n is adjusted to control tho degree 
of blend compatibility desired with the final physical characteristics of the composite. 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
25 the substitution of polyvinyl chloridc-co-vinyl acetate), [-CHjCUCCO-U-CI^CHCOjCCH,)-], 
[CAS 9003-22-9] as the interfacial agent and wherein the values of x and y are adjusted to 
control the degree of blend compatibility desired with the flnal physical characteristics of the 
composite. 

30 A composite of PVC / wood flour / porosity agent / interfacial agent is made in 

accordance with the conditions and quantities of reactants as discussed above in Example #1 with 
the substitution of polyvinyl chloridc-co-vinyl acetato-co-2-hydroxypropyl acrylate), 
[-CHjCHCaHJCHjCH^CCH^y-ClljCHlCOjCTijClKOlOCH,]-], [CAS 41618-91-1] as 
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the Interfacial agent and wherein Iho values or* y and z are adjusted to control the degree of 
blend compatibility desired with the final physical characteristics of the composite. 

A composite of PVC / wood flour / porosity agent / interfacial agent is made in 
accordance with Uic conditions and quantities of reaclants as discussed above In Example #1 with 
the substitution of polyvinyl chlorido-co-vinyl acetatc-co-maleic acid), 

intcrfadal agent and wherein the values of x, y and z arc adjusted to control the degree of blond 
compatibility desired with the final physical characteristics of the composite. 

When the above process is followod, various products such as trim (Fig. 10). handle rails 
(Fig. U), double hung windows (Fig. 12), doors (Fig. 13), and window components (Fig. 14) can 
bo produced. As discussed previously with reference to Fig. 10, the handle rail shown in Fig. 1 1 
shows the cocxtruded composite (160) wherein the outer surface (168) represents the composite 
natural fiber/PVC component (164) and the inner surface is the PVC segment (162). The outer 
surface (168) may be embossed with a wood grain pattern (166) which can then be stained or 
painted. 

Tho double hung window* shown in Fig. 12, also shows the coextruded construction 
(170) wherein tho inner composito (174) is the natural fiber/plastic component and the outer 
section (172) is the PVC segment. In this arrangement, the inner composite (174) can be stained 
and/or painted to match interior room decor. Due to temperature variations in windows, with 
very cold weather on one side of the window and warm tampcratures on the interior side, 
dimensional integrity of plastic window components can be a problem. Since natural fibers have 
better thermal stability when compared with many plastics, the addition of natural fiber can 
improve performance. Prior art vinyl windows would necessarily have plastic components visible 
from the interior side of the window. These Interior components could only roughly approximate 
the appearance of natural wood. Some previous attempts to rectify this included wrapping such 
components with foil which simulated wood grain. However, this represented an expensive 
solution and tho foU was often too fragile to retain its appearance for long period of time under 
heavy use. 

With reference to Fig. 13, another common application of the Invention is shown. A door 
(180) is primarily made of wo d. metal, or fiberglass. Some designs feature window glass (184) 
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surrounded by trim (182). This trim is a good application of the composite article sh wn in Fig. 
10. 

fn one specialized utilization of this invention shown in Fig. 14, a piece of weather 
stripping (198) is affixed along a longitudinal edgo (196) to form an insulation sealed coextruded 
5 product (190) having a natural fiber/PVC component (194) and a PVC component (192). It is 
recognized that when tho product manufactured is as shown in Fig. 13, an additional extruder is 
necessary, and the co-extrusion head discussed previously, will be modified to allow an additional 
melt stream which will form the weatherseal (i.e., a tri-extrusion head). When using flexible vinyl 
as the additional melt stream, an effoctivo bond is found to be made between the composite 

10 material and the wcathorseaL While flexible vinyl is typically preferred for many window and 
door applications, there is no need to limit the invention to such and other materials that bond to 
rigid PVC and/or natural fiber/PVC composites would also work. While the processing 
conditions arc generally known throughout tho industry for extrusions involving flexible vinyl, a 
typical set of temperatures in the extruder / head would be approximately 132°C for the rear zone 

IS and zone 2 as defined previously, and 160°C for zone 3 and the adapter. 

The amount of stain/porosity absorption the final extruded profile will have is dependent 
on the porosity of the external surface, Tho greater the porosity, the greater the absorption. 
Porosity is controlled by adding a small amount of additional porosity agent to the mixture 
(commercially available PVC having some metal release agent or porosity agent already added) 

20 and int Official agent. The preferred porosity agent is Rhcochem Rheolube 185. It has been 
found that this release agent also deters fusion in the feed, pro-compression and compression 
portion of the extruder. In the extruder, venting (extracting moisture via vacuum from the wood) 
becomes veiy difficult sinco the wood/PVC have not been sufficiently melted to form a 
homogeneous melt in the vent section of the extruder. In this case, water, PVC and some wood 

25 flour can be extracted into the vent soction. To overcome this problem, the high compression / 
high shear standard pipe scrows were modified by narrowing the two flight widths in the feed 
section to allow more feed. Also, notches were added in the pro-compression section of the 
screws to obtain more shear. While this improved tho process, insufficient fbsion was still noted 
at tho vent and an mtcrfocial agent was needed to be added to the mixture to obtain melt which is 

30 suitable for venting. Another factor that influences porosity is shear rate through the die opening 
(straight land length), shear rates (based on PVC only) between 220 - 500 sec" 1 showed good 
porosity with the preferred mixture. 
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The significance of 1he porosity is clearly shown in Figs. 15-16. which are photographs of 
the natural f.bcr/PVC component nly. Fig. IS is an enlargement at 20x magnification taken at 
1 5 KV with a 1mm reference mark embedded in the picture. The porosity which is due to void 
formation, is clearly evident. At the higher magnification lOOx, shown in Fig. 16. these voids arc 

5 even more prevalent, as shown with tho 100 /i mark embedded therein. The samples were 
prepared by the teacliings described above. In order to calculate porosity, the surfeco picture is 
di B iti7*d and with the aid of a software package, the amount of voids over a given area is 
calculated, bawd on black vs. white pixels. The porosity of the composite in these Figures is 
approximately 22%. Hoth samples show micro voids uniformly dispersed on the sur&cc. 

1 0 A comparative study was made regarding tho impact of various variables which are 

present in the system. Tho variables studied were the effect of material pre-blending of all 
components with tho exception of tho wood flour, barrel rone temperatures 3&4, screw oil 
temperature, feed level, vent vacuum and die temperature. The following matrix (Table TV) was 
used to ovaluato the effect of tho she factors on the melt strength of natural fibor/PVC composite 

1 5 cxtrudatcs. Low melt strength has historically been one of the major problems experienced with 
tliis type of product. 

Table IV 
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Variable Range #i 




Starling Material 


no pre-blending 


pre-blending 


Barrel 3&4 tcmpCF) 


295 


335 


Scraw Oil temp 


365 


395 


Food lovel 


flood 


starve 


Vent vacuum 


0.3 


0.8 


Pic temp (°P) 


36S 


39S 
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A partial factorial designed experiment was conducted with tho above variables. Melt strength 
was measured by gradually increasing tho puller speed until the line broke. A sample immediately 
prior to tho break was retrieved, measured and weighed. From this data, it was possible to 
calculate the weight/inch of the part The lower the number, the higher the melt strength. 

The product made ftom tho non-preblended material showed an 1 1 .6% increase in melt 
strength The higher barrel temperature also produced a product with 13.4% more melt strength, 
whilo increasing tho vent vacuum resulted in 5.7% more melt strength. Screw oil temperature, 
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feeder level aud die tcmpcraluro were shown to be essentially non-critical footers in determining 
melt strength. 

Porosity determines the stainability of the final extrusion. The higher the porosity, the 
more stain it will absorb. Conversely, the lower the porosity, the less stain will be absorbed. A 
5 22°/a porosity (void percentage) is preferred. Porosity in the rango of 5% to 40% will stain, and 
the amount is a visual preference by the end-user. 

Discussion 

In its most general terms, the Interfacial agent can bo envisioned to be a low to medium 
molecular weight, oxygen-containing hydrocarbon polymer. The oxygen-containing aspect of the 
. 10 polymer would include, but not be limited to, functionality of carboxyiic add groups, esters, 

ethers, alcohols, acrylatos, acid anhydrides, etc. Depending upon the functional group contained 
• within tho polymer, the intcrfocial agent would attach by either a physisorption (o.g, ( hydrogen 
bonding) or chetmsorption (e.g., ester bonding). 

Ak shown in Fig. 17, at least when using oxidized polyethylene [CAS 68441-17*8] as the 
1 5 interfacial agent, prepared in accordance with example H 1 , (Samplo A) and without the addition 
of an interfacial agent (Sample 5), Fourier Transform Infrared spectroscopy (FTIR) evidence 
points strongly to chemisorplion as at least one operative mechanism with the formation of an 
ester bond between the interftcial agent and the cellulose, evidenced by the strong peak at 1734 
cm* 1 (cait>onyl stretch). This is a classic diagnostic for the presence of the carbonyl portion of the 
20 ester bond. 

Specifically, two samples (A and B) were prepared by cutting an extruded section of 
material into pieces smaller than 0,5 cm on a side and grinding the pieces in a Waring commercial 
blender using a stainless steel sample jar and stainless steel blades. Approximately five (5) grams 
of material from each of tho two samples were prepared in this fashion. The FTIR used was a 
25 Nicolet Magna IR 5S0 Series 2 operated in diffuse reflectance mode. 

While attention has boon directed to oxygen-based chemistry, it is also envisioned that if 
chemisorplion, possibly via ester formation is a reaction mechanism, then any carboxyiic acid 
group contained within the polymer may work. It is also known that ester-type bonds can be 
ihrmed from amides, acyl halidcs, ketones, nitriles and acrylatos. Therefore, polymers wWch 
30 contain at least one or several of tho above functional groups would be useful In this invention. 
Amides react with alcohols under acidic conditions to produce an ester and an ammonium salt, 
instead of water as in tho case of carboxyiic acids. 
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It is also believed that Iho molecular weight of the inlerftcial agent is an aspect of this 
invention which will have a rote in determining both the efficacy of the interfacial agent and in the 
final products of any composite which results therefrom. In general, it Is believed that the 
molecular weight (MJ of the Inlerfcclal agent should be less than or equal to 6,000 and greater 
S than or equal to 100. more preferably less than or equal to 3,000 and greater than or equal to 
200, and most preferably less than or equal to 1,500 and greater than or equal to 500. 

The invention has been described with reference to preferred and alternate embodiments. 
Obviously, modifications and alterations will occur to others upon the reading and understanding 
of the specification. It is intended to include all such modifications and alterations insofer as they 
1 0 come within the scope of tho appended claims or the equivalents thereof. 



